Introduction
The maintenance or development of ecologically stable and structurally diverse forest ecosystems has become a widespread objective of stand-level forest management. The silvicultural systems that are being promoted to achieve this goal can be quite different. In some parts of Europe, single tree selection systems, in which harvesting is guided by target diameters, are being advocated for many different types of forests (e.g. Hessisches Ministerium für Umwelt, Landwirtschaft und Forsten, 1999) . However, many other silvicultural alternatives to clearfelling and large-scale, even-aged stands exist (O'Hara, 2001 ). Uneven-aged forest management is inherently more complex to implement than even-aged management, and it is also more prone to misapplications in terms of maintaining sustainable and productive stand structures with satisfactory growth of trees across size classes. In selection systems that are used to maintain or create uneven-aged structures, each harvesting entry commonly follows three objectives:
(1) to remove mature trees, (2) to tend the retained stand and concentrate growth on the best individuals while maintaining overall stand-level productivity and (3) to provide suitable conditions for regeneration.
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Summary
The current trend towards more naturalness and increased protection of biodiversity at the level of forest stands requires the management of structurally diverse forests. In this study we investigated the consequences of single-tree harvesting in mixed-species eucalypt forests on stand structure and tree growth. Data from continuous inventory plots indicated that single-tree selection without additional tending over a period of 40 years leads to the accumulation of high basal areas. Although the diameter distribution indicated a balanced stand, a high proportion of the trees, particularly in small dimensions, was slow growing, and the current structure could not ensure the replacement of trees in sawlog dimensions within acceptable periods. We recommend that some investment is required to reduce basal area of non-merchantable trees in these forests in order to provide the necessary growing space, in particular for smaller trees.
It has often been assumed that the presence of a 'balanced' stand structure provides for these objectives (Meyer, 1952) . Balanced stands can be defined by stand density, diameter distribution and maximum tree size (Leak and Gottsacker, 1985) , or the allocation of adequate growing space to the different cohorts (O'Hara, 1996) . The optimal stand density ensures a desired balance between volume growth per area and individual tree growth. The tree distribution in balanced stands is defined so that there are sufficient trees to grow from one diameter class into the next higher one, allowing for mortality, damage and silvicultural selection (Leak and Gottsacker, 1985) .
In reality, achieving the second of the above objectives has often proved difficult. To find the right balance between retaining sufficient growing stock and achieving both acceptable tree growth rates and stand-level productivity is a complex silvicultural decision that requires a considerable input of information, which is often not available. In addition, the regulation of growing space often requires the non-commercial removal of trees. In many situations, the finance for this investment in the growth of future stands is not available.
In Australia, very few studies have been conducted to examine the long-term consequences of uneven-aged silviculture on stand characteristics and growth, see for example Kellas et al. (1987) or Horne and Carter (1992) . The aim of this study was to investigate the effects of single tree harvesting over a 40-year period on stand structure and growth in coastal spotted gum (Corymbia maculata Hook.) forests in southern NSW, Australia.
Material and methods

Field sites and data basis
The field sites for this study were located in Benandarah State Forest and Murramarang National Park on the south coast of New South Wales. The forest in this area is characterized by uneven-aged stands which occur as a small-scale mosaic of forest types dominated by spotted gum (Corymbia maculata). The forest has been managed on an uneven-aged basis since the beginning of the twentieth century. Following timber stand improvements during the 1920s, and sawlog retention systems in the 1930s, the Australian Group Selection system utilizing gaps one to two tree heights in diameter was applied up to the 1960s. The forest has since been selectively logged for sawlogs and poles in a system where only merchantable trees were removed (Furrer, 1971) .
The data for this study were collected from 24 inventory plots measured over the period . At these plots, tree species and diameter at breast height over bark (d.b.h. measured at 1.3 m) were recorded in 1959, 1977, 1984, 1989 and 1999 for each tree above 10 cm d.b.h. The plots represented four forest types: spotted gum-blackbutt (Eucalyptus pilularis), spotted gum-Sydney blue gum (Eucalyptus saligna), spotted gum alone and spotted gum-grey ironbark (Eucalyptus paniculata) (Forestry Commission NSW, 1989) .
To describe the shape of the tree size distributions, negative exponential curves were fitted to relate tree frequency to diameter classes, and q-factors (de Liocourt, 1900) were derived from the decay constant of these equations. The qfactor expresses the ratio of tree numbers in one diameter class to the number of trees in the adjacent higher diameter class.
Assessment of growth potential
To assess whether the current forest structure supports acceptable tree growth, all trees were grouped into well-growing (>0.4 cm d.b.h. increment per annum) and slow-growing (<0.4 cm d.b.h. increment per annum) trees. Average diameter increment rates above 0.4 cm a -1 diameter would translate into tree rotations of 150 years given a target diameter of 60 cm d.b.h. These rates were regarded as reasonable, although the forest management authority assumes a rotation period of 80 years for these forests. A sensitivity analysis indicated that there was very little change in the numbers of slow-and well-growing trees for thresholds between 0.3 and 0.6 cm a -1 .
We selected one forest type, spotted gum-grey ironbark, which was represented by the most inventory plots (12), for a more detailed analysis of the relationship between stand structure and individual tree growth. The effect of stand structure was assessed through competition, which was calculated on the basis of the potential overlap of crowns of neighbouring trees. This is based on Opie's (1968) Zone Count Model and quantifies point density in terms of the potential crown space that a tree shares with its neighbours. To predict the extent to which adjacent tree crowns would interact, preliminary allometric models between d.b.h. and relative tree height, crown length and crown diameter were developed (McElhinny, 1999) . The competition between individual trees and their neighbours was then expressed as a Crown Overlap Factor (COF) in which a COF of 1 represented no crown overlap.
To assess the effect of stand structure on tree growth, we calculated potential growth rates of trees. We followed this approach because the current growth rates of trees may be the result of historical stand structures, and do not reflect the potential growth as a result of the current competition. To calculate the potential growth rates of trees in the different diameter classes for a stand in which the trees were adequately spaced, we selected trees that were only affected by competition to a small extent (COF = 1.5). We then established regressions between the relative growth rates and the crown overlap factor for each diameter class to estimate the potential maximum growth rate for a given diameter class.
Results
Over the 40-year investigation period, average basal area across all plots increased from 15.8 to 29.8 m 2 ha -1 . Over this period the mortality amounted to 1.52 m 2 ha -1 and the harvesting of trees to 4.39 m 2 ha -1 . Basal area increments for the last inventory period ranged from 0.11 to 0.54 m 2 ha -1 a -1 , but there was no relationship between plot basal area and basal area increment. In 1999, the contribution of the main species to basal area in the inventory plots was 52 per cent C. maculata, 35 per cent E. paniculata and 13 per cent E. pilularis. The forest was characterized by a typical uneven-aged structure, indicated by the diameter-frequency distribution in Figure 1 . A similar structure could be reproduced for all individual 0.1 ha inventory plots. This uneven-aged structure was relatively stable over the 40-year observation period. However, the shape of the curve became flatter with time as the tree numbers in the smallest diameter class declined by 26 per cent and increased in most other higher diameter classes. This is also reflected in the change of the q-factor from 1.58 in 1959 to 1.42 in 1999. A closer look at the current stand structure, data from 1999 and the preceding inventory period, shows that only a small proportion of the trees in the stand are growing at an 'acceptable' rate (>4 mm a -1 ) (see Figure 1) . The highest proportion of well-growing trees occurs in the 40-60 cm d.b.h. range. In 1999, trees growing at >4 mm a -1 in the preceding observation period comprised 29 per cent of the stand basal area. In the first observation period, well-growing trees contributed to 43 per cent of the stand basal area measured in 1977. However, the difference in the basal area of well-growing trees was not great between these periods; 9.6 and 8.5 m 2 ha -1 in the first and the last observation periods, respectively.
The potential transition times for trees to grow through diameter classes varied substantially for the different diameter classes of the three species. In the example of C. maculata in Figure 2 , the highest d.b.h. growth rates occurred in the 50-70 cm d.b.h. classes. The shape of this curve was similar for the other two species. The difference in growth rates between large and small trees was further accentuated when growth was expressed as basal area increment.
Discussion
The basal areas reported in 1999 were very high compared with other managed stands of shadeintolerant species (e.g. Lin et al., 1998; Larsen et al., 1999) . The high increase in basal area between 1959 and 1989 can be explained by the low levels of harvesting and natural mortality, which were only a fraction of the periodic increment. McElhinny (1999) estimated that the basal area for a well-spaced, uneven-aged forest of this type should be around 18 m 2 ha -1 at the beginning of cutting cycles. The increasing stand density has led to declining recruitment into the smallest diameter class, which has also been observed in other uneven-aged forests (Larsen et al., 1999) .
The relationship between diameter growth and d.b.h. classes was similar to that provided by Eyre and Zillgitt (1953 ( , cited in Nyland, 2002 for uncut or conservatively harvested northern hardwood forests. Higher growth rates in smaller diameter classes are only obtained at lower stand densities associated with greater harvesting intensities. In the past it has often been assumed that growth (diameter increment) is constant across diameter classes and that number of classes can therefore be used as the basis for allocating equal growing space to each diameter class in uneven-aged stands (Meyer, 1952; Curtin, 1963; Long and Daniel, 1990) . However, if one management objective is to achieve sustained recruitment of trees across diameter classes, the growing space allocated to the different diameter classes should be based on diameter growth rates. In the case of the investigated stands, larger proportions of the net harvestable area would have to be allocated to the smaller and slower growing trees. Predicted mean annual diameter (DBH) and basal area (BA) increment of C. maculata over a range of diameter classes. Diameter and basal area increments were derived from the regressions between relative growth rates over the last 10 years of the inventory period and crown overlap factors, a measure of competition between trees. Growth rates for each diameter were derived for a crown overlap factor of 1.5. 
BA
Tree size does not necessarily correspond with age, and old trees may accumulate in small diameter classes where they become growth restricted under prolonged resource competition from the overstorey. This problem may be of particular importance in uneven-aged forests of shade-intolerant species such as eucalypts (Florence, 1996) . The harvesting practices used during the past four decades cannot be strictly described as diameter limit cutting, since large and defective trees were left, as well as smaller trees being taken as poles. However, the effect on the forest, expressed in the flattening of the diameter distribution, the accumulation of small trees below the threshold for commercial removal and the release of some pole-sized trees was similar to that described by Roach (1974 , cited in Nyland, 2002 for diameter limit cutting.
In contrast, Horne and Carter (1992) demonstrated that the application of group selection silviculture over a period of 30 years in the E. pilularis forests of northern New South Wales has resulted in more smaller trees and increased growth rates when compared with the forest in 1960. The different experience between their study and this one can be explained by higher removal rates of non-commercial trees and the deliberate opening of canopy gaps in the E. pilularis forests. In contrast to the selection cutting practiced in E. pilularis forests, the practice in the E. maculata forests is more appropriately described as selective cutting.
It is suggested that the harvesting practices in the past have not been sufficient to adequately regulate the stand density in order to maintain productive growing conditions in these forests. If future tending practices do not lower the basal area of non-merchantable trees, the rotation length, given similar harvesting volumes, will inevitably increase. In the current condition, some investment is required to reduce basal area of non-merchantable trees. Care should be taken that the reduction in stocking levels is not at the expense of large habitat-providing trees.
